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(54) Wind shear detection by laser 
doppler velocimetry 

(57) In apparatus for the early detec- 



tion of oncoming wind shear, without 
false indications arising through turbu- 
lence, as might be installed in an air- 
craft 10, a forward looking laser speed 
sensor 1 1 provides a signal 12 contain- 
ing information on air velocity over a 
range ±L of distances about a measure- 
ment distance X, which is subject to 
spectrum analysis 15, to identify all 
velocities present in a time sample of 
the signal 1 2. These velocities are furth- 
er processed 17 to establish the air 
velocity at substantially the measure- 
ment distance X, and the highest and 
lowest velocities present over a dis- 
tance range ±L. Atime sequence of such 
results is examined to determine if the 
rate of change of velocity is too high 
and too prolonged; if these exceed a 
hazard level limlt,.computed 13 from 
the prevailing conditions, a wind shear 
hazard is considered present. 
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SPECIFICATION 

Wind shear detection 

5 This invention relates to wind shear detection and 
apparatus for wind shear detection. 

Aviation is affected by changes of wind velocity in 
a number of ways. Rapid small changes in wind 
shake the aircraft and produce disturbances in 

10 angular attitude without much effect on the aircraft's 
path through the air. These wind changes are usually 
referred to as turbulence. Larger changes in wind 
which affect the aircraft's path through the air, and in 
particular changes in wind which cause significant 

1 5 perturbations to an aircraft's rate of descent, are 
referred to as wind shear. In extreme conditions 
wind shear can cause aircraft to crash Into the 
ground, or even break aircraft structure. 
The response of aircraft to wind shear is related to 

20 both the total change of wind velocity and its rate of 
change with time. A combination of a large total 
velocity change and a high rate of change results In a 
high hazard level. Much effort is devoted to the 
forecasting and avoidance of wind shear at present 

25 using mainly meteorological techniques. These 
meteorological techniques have provided only li- 
mited assistance in avoiding or safely penetrating 
wind shears. Some airborne systems utilising nor- 
mally available sensors on aircraft have also been 

30 used. Although providing some benefits they only 
detect any wind shear after the aircraft encounters it, 
and dangerous height excursions can result from 
delays of even a few seconds in responding to the 
presence of wind shear. A factor which causes delay 

35 in identifying wind shear is the difficulty of disting- 
uishing between dangerous wind shear and turbu- 
lence without a time delay to test that a high rate of 
change of wind is associated with a large total 
change in wind. 

40 Apparatus has been developed including a for- 
ward looking sensor which is capable of measuring 
air velocity by reflection of laser light from particles 
present in the air. Such apparatus may use focussed 
continuous wave or pulsed lasers and in both cases 

45 the air velocity can be measured in regions well 
ahead of the sensor and give advance warning of 
wind velocity changes before such changes reach 
the location of the sensor. The velocity measure- 
ment is not precisely identified with a given distance 

50 ahead of the sensor. 

According to the present invention, wind shear 
detection apparatus includes a forward looking laser 
air speed sensor providing a signal containing 
information on air velocity over a range of distances 

55 about a measurement distance, a spectrum analyser 
to identify all velocities present in a time sample of 
the signal, means for determining the air velocity at 
substantially the measurement distance, means for 
deterhDining the highest and lowest velocities within 

60 a range of distance either side of the measurement 
distance, means for combining a time sequence of 
these velocities to determine their rates of change, 
means for computing a measure of wind shear 
hazard level from these velocities, their rates of 

65 change and the measurement distance and the 



range of distances associated with the velocities 
measured at any instant, and means for comparing 
the measured wind shear hazard level with limits for 
acceptable wind shear in prevailing conditions. 

70 It will be appreciated that apparatus in accordance 
with the present invention provides an early warning 
of wind shear ahead of the sensor, which can be 
mounted in an aircraft or on the ground, and with 
suitable apparatus to change the direction of the 

75 laser beam wind shear can be determined both 
along and across beam direction. By looking ahead it 
is possible to determine rates of change before a 
wind shear reaches the sensor, rather than the delay 
which must occur if measurements can only be 

80 made at the sensor. Also, by knowi ng at the same 
instant the maximum and minimum velocities within 
a range of distances ahead of the required measur- 
ing distances, it is possible to distinguish between 
wind shear and turbulence without any further 

85 delay. 

Preferably the wind shear hazard level is com- 
puted at closely spaced time intervals to take 
account of changing conditions in wind velocity and, 
in apparatus for aircraft instrumentation, flight con- 
90 ditions. The measure of wind shear hazard level, or 
its comparison with limits for acceptable wind shear 
hazard level is preferably passed to a display unit, or 
to a control system for immediate action. 
In order that features and advantages of the 
95 present invention may be appreciated, an embodi- 
ment will now be described by way of example only 
with reference to accompanying diagrammatic 
drawings of which: 
Figure 1 represents a block diagram of apparatus 
100 in accordance with the present invention for aircraft 
installation. 

Figure 2 represents a distribution of receptions 
over a measurement length L at a measurement 
distance X, 

105 Figure 3 represents a velocity transform over the 
measurement length L, and 

Figure 4 represents a time history of instan- 
taneous wind velocities. 
Wind shear detection apparatus for installation in 

110 an aircraft, 10, includes a forward looking sensor in 
the form of a laser optical unit, 1 1. The laser is of the 
continuous wave type and is optically focussed to a 
minimum beam width at a point, 14, a measurement 
distance X ahead of the sensor, 1 1 . Reflections from 

115 airborne particles are received by the optical unit, 
mixed with a proportion of the transmitted laser 
beam and sensed by a detector in the optical unit, 1 1 . 
The signal, 12, from the optical unit contains fre- 
quency components which are functions of the air 

1 20 velocities in the region about point 1 4. The nature 
and operation of the laser unit is described in the 
literature. ' 

The distribution of receptions, 20 (Rgure 2) from 
particles a distance, d, from a laser optical unit at 0 
1 25 shows a peak at distance X, before falling below 
noise level N at 22 and 23. Thus information is 
obtained over a length L either side of the measure- 
ment distands OX. 
A short time sample of sensor output 1 2, is 
130 received by spectrum analyser, 15, which, in a 
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further short period performs a velocity transform 
oyer the length, 2L This process is then repeated to 
give a time sequence of velocity transforms at 
output line, 1 6, for transmission to a signal proces- 
5 sor, 17. Velocity transform, 30, (Figure 3) gives no 
certain information on the location of air with a given 
velocity within the length 2L. However, it can be 
shown that changes in velocity at X, where the signal 
strength is greatest, are most likely to be the same as 
10 changes in V|, the peakof the velocity transform, 30. 
Clearly if the measurement length, 2L, can be 
reduced, the level of confidence that V| is the actual 
velocity at the measurement distance, X, is in- 
creased. The apparatus thus far described is known, 
15 and to date attempts to obtain improved wind shear 
detectors have centred oh reducing L 

In accordance with the present invention Signal 
Processor, 17, (Figure 1 ) includes means for deter- 
mining the likely instantaneous velocity V| at the 
20 measurement distance X from the spectrum analys- 
er output signal, 1 6, and if required, means to 
improve the signal definition above the noise by 
adding together a series of output signals, 16. An air 
velocity against time picture 40 (Figure 4) may be 
25 built up and an indication of rate of change of air 
velocity, 45, is obtained in the signal processor by 
differencing a plurality of instantaneous velocity 
values such as 41, 42, 43 using well knov/n calcula- 
tion methods. For significant wind shear to be 
30 present this rate of change must exceed a value 
determined by the aircraft's ability to counter the 
rate of change. This value may be predetermined, or 
calculated from flight condition, configuration and 
power setting in Hazard Limit Computer, 13 (Figure 
35 1 ), and provided to the signal processor as a signal 
18. Excessive rate of change is not sufficient for wind 
shear detection as such rates are present in turbu- 
lence. Signal processor, 17, includes means for 
indicating the maximum, Vm (Figure 3), and mini- 
40 mum, V^, instantaneous velocities within the length 
2L Comparison of combinations of these velocities 
together with rate of change of V, against limits, or 
further calculated values from Hazard Limit Compu- 
ter distinguish wind shear from turbulence. Means 
45 may be provided to reduce any residual signals 
resulting from turbulence so that signals from the 
signal processor are suitable for display or for use in 
a control system. 
Examples of the operation of apparatus in accord- 
50 ance with the present invention will now be de- 
scribed. 

Signal processor 1.7 provides an indication of the 
rate of change of air velocity 45 at the measurement 
distance X and time T2 from instantaneous velocities 

55 (V,) 46, 47, 48 at times Ti, T2, and T3. It will be noted 
that a similar rate of change of velocity 49 is present 
at time T5. However it will be appreciated that only 
turbulence is present at time T^ whereas a potential- 
ly dangerous wind shear is present at time T5. For 

60 the example presented in Figure 4 the two condi- 
tions are distinguished by the indication of max- 
imum air velocity in the measuring length 2L At time 
T2 the maximum velocity Vm differs from the instan- 
taneous velocity V, by only a small amount, at T5 this 

65 difference is large. Thus a combining function of rate 



of change of instantaneous velocity and the differ- 
ence between instantaneous velocity and maximum 
velocity identifies wind shear. This is the case with a 
wind shear where velocity increases with time. If the 
70 velocity in a wind shear decreases with time then the 
rate of change is negative and the difference be- 
tween instantaneous velocity and minimum velocity 
is used to distinguish wind shear from turbulence. It 
will be appreciated that the ability of the present 
75 invention to identify maximum and minimum veloci- 
ties to a distance L ahead of the measuring point X 
provides an additional anticipation compared with 
that available if only the instantaneous velocity at X 
is known. The forward velocity of the aircraft pro- 
80 vides a direct transform from distance to time. 
The values of the combining function described 
the rhagnitude of the wind shear and, by comparing 
this with predetermined (or computed) Wind Shear 
Hazard Levels for a given aircraft and operating 
85 condition, a signal can be provided to a pilot's 

display, or a control system. The signal to the display 
can include warning indications. 

It will be realised that wind shear detection 
apparatus in accordance with the present invention 
90 provides an early indication of wind shear, allowing 
maximum time for action to be taken by a pilot 
following a warning display 100 or by a control 
system 101. In particular it will be realised that wind 
shear detection can be achieved as soon as both the 
95 predetermined rate of change is exceeded and a 
maximum velocity in excess of the turbulence 
velocity limit is present within the velocity trans- 
form. In the present example, a warning may be 
provided at time T4 (Figure 4) and it will be 
100 appreciated that this is significantly earlier than 
waiting for the shear disturbance to occur at the 
measurement distance X, and would be the case 
with prior art systems based on knowledge of V| 
only. 

105 A further advantage of the present invention is 
that the absence of oncoming wind shear within L is 
reliably established at T2. In prior art systems, this 
cannot be established until T4. 
In accordance with the present inventiori, the 

110 measurement distance, the.measurement length 
and the wind shear limits may be chosen to optimise 
detection for particular flight conditions, and may, 
for example be varied in flight as a function of speed, 
height or throttle setting and aircraft configuration. 

1 1 5 Rate of change of velocity may be combined with 
various combinations of the velocity Information 
available at the same time. For example the differ- 
ence between Vm and Vn is another function disting- 
uishing wind shear from turbulence. 

120 In embodiments with pulsed laser units instead of 
focussed CW laser units the length 2L is determined 
by the shape and duration of the laser pulse and 
distance X by timing return pulses. 
In other respects the principles of wind shear 

1 25 detection described have applied to both types of 
laser units. 

The embodiment and examples of the present 
invention thus far described are suitable for airborne 
installation with the object of providing an early 
130 warninq of wind shear conditinn;: ;«hpaH nf an 
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aircraft. It will be appreciated that the application of 
the present Invention, however, is not limited to 
airborne installation. In particular apparatus in 
accordance with the present invention may be 
5 ground based, where the time history of remote 
instantaneous wind velocity may be built up by 
performing velocity transformations at different me- 
asurement distances. 

10 CLAIMS 



any one of claims 1 to 6 for ground based operation 
and wherein a time history of remote instantaneous 
wind velocity is built up by performing velocity 
transformations at different measurement distances. 
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The matter for which the applicant seeks protec- 
tion is: 

1. Wind shear detection apparatus including a 
15 forward looking laser air speed sensor providing a 

signal contalnig information on air velocity over a 
range of distances about a measurement distance, a 
spectrum analyser to identify all velocities present in 
a time sample of the signal, means for determining 

20 the air velocity at substantially the measurement 
distance, means for determining the highest and 
lowest velocities within a range of distance either 
side of the measurement distance, means for com- 
bining a time sequence of these velocities to deter- 

25 mine their rates of change, means for computing a 
measure of wind shear hazard level from these 
velocities, their rates of change and the measure- 
ment distance and the range of distances associated 
with the velocities measured at any instant, and 

30 means for comparing the measured wind shear 
hazard level with limits for acceptable wind shear in 
prevailing conditions. 

2. Wind shear detection apparatus as claimed in 
claim 1 and wherein the wind shear hazard level is 

35 re-computed at closely spaced time intervals. 

3. Wind shear detection apparatus as claimed in 
claim 1 or claim 2 and wherein the wind shear hazard 
level, or its comparison with limits for acceptable 
wind shear, is passed to a display unit. 

40 4. Wind shear detection apparatus as claimed in 
any preceding claim and including a laser of the 
continuous wave type. 

5. Wind shear detection apparatus as claimed in 
claim 4 and wherein the laser is optically focussed to 

45 a minimum beam width at the measurement dis- 
tance. 

6. Wind shear detection apparatus as claimed in 
any preceding claim and wherein a wind shear 
hazard level limit is computed in a hazard limit 

50 computer in accordance with the prevailing condi- 
tions. 

7. Wind shear detection apparatus for airborne 
installation as claimed in any preceding claim and 
wherein in use wind shear hazard level, or its 

55 comparison with limits for acceptable wind shear. Is 
passed to an aircraft control system. 

8. Wind shear detection apparatus for airbome 
installation as claimed in any preceding claim and 
wherein the measurement distance or wind shear 

60 limits may be varied in flight 

9. Wind shear detection apparatus substantially 
as herein described with reference to the drawings. 

10. An aircraft including wind shear detection 
apparatuses claimed in any preceding claim. 

65 11. Wind shear detection apparatus as claimed in 



